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Glifornia  IIlslit(l{c  I )f ‘1’cI  lIImlo[Iy.  l’asadINI;L,  ( ’A

A1lS’J’RAC’J’ :Ipplicalion  il Il]mscs  scvrrc  rcquifm]cn(s  on lhc overall

in tilis  paper, a working prototy]Jc  (){ i II.
magnctomctcr  bascxi on electron Iunnl’lillf!  is (~L-
scribc(i. ‘1’i]c tunnclill~ J1-magnclo]nctct  [lflcfs  d
unique comi)ination  of advantages illcill~ii}lj’  tli;~ll
rcsolu(im  (-10 -9”1’csl:i/41177  ),vcctol.s  cllsili\il~.  \\i(lc
ban(iwi(i(ll  (> 10 kl17),  low power (<100 In\\’], S! Ill Ill
size (1 cm X 1 cm X O.(mm), mbustt]c~s,  L! icl( II).
namic range (> I(N (ill), an(i snlall tcII)pr I alIIIi  ( ().1

ficicn[. ‘1’hc prciilnillill”y mist cquivalclt[  Iti;l:’,  iclic
ficl(i  (NIill) for a prototype is 6 jI’J’/di  Iz, ill ;t~[l(i
ag~CelllCl)t with il (icvicc  pC]”fOl]llall  CC lll[)(i(’1  1 .IIII. LII

r e s p o n s e  to incmasin.g  IX and ac ma~,]~cti(  ~ I[iil~ ih

also cicIIIOIIs  tI.:It(:Ci.  1 ;inaliy,  work ill pl(~y ] ts~ I( I i I) I

prove the Nl;l; 104 nrl’hh]z  is cicscribc(i,

‘1’I)c goal of this work is to (icvcloiI :; .? a\i\

magnclolnctcr  which MII bc i n t e g r a t e d  irll~) d sl]lli

~UtOllOllloUS 10 cm-sim(i  fl’cc  f l y i n g  lllilf,lll’l oll)(’l Cl

spcccraf(  to measure lmlgIlclic  ficl(is on llIc 0] (IC1 (II a
nrl’ [ 1 ]. ‘1’his 10 cm spacccmf(  woulci I)r ciculc~i  II i.~lil
an orbiting platform, carry  out 13 field I) ICiISLI ItIIIIL~II[f,

and transmit the data i)ack to Iilc orbitill{!, i>l:Ill  I} I III 101

relay 10 grmlll(i  . In a(i(iition to n“l’ rc\olul  IoII” llli~

si7,c (L: I113),  ]mwcI  (consumption (<100 mW), vector
sctlsiti\  i(y, l’il(iiilti(lll  all(i tllcrmal immunily,  and
i)an~iwi(itl] ( 100 1 17) of the magnctomciel.  }:or
twmttlct~ial al)pli<;ltiolls,  Iilc magnctomctcr  must also

lIc illcxpcllsiv(’, l’C’liilt)l C, :lll(i pOSSCSSCS :1 wi(ic

Liyllallll(’  ranj’,  c. Aiti~ouf,h the s~l]oclcoll(itlctillg
~illalltulll illlclfulcll(.c (icvicc (S Q(IIII) [2,3] provi(ics

(iIC II)()\I scnsiti\c  l]]ii~,l)ctiC  II) CZ~SLIICIIICIIt,  SQUIII’S
dis[) ]e~lailc si:llif’luallt  powcl for coo l i ng .  CXhcl’
Illtl:,  tlclolllclel”s  lla\’c a l s o  b e e n  stu(iicd  for tilis

ilp]”lli(’:lli  Oil. l’111~ ~’,:ltc  ]ll~p,ll  CtO]llCtCrS,  nlagnctorcsis  -
101s, all~i lIl:l[\llCtolli  111 SiSt[)l’S ~TC CUITCIltly  bciag  C. XaIll-

inmi ih(’:lll(li(iatL’ lIlil~,llCtoll)  CtC1’S,t>Llt  (iOllOt  )’Ct lllCCt

Ihc full set of l]lissi(~l~  rcq~lilcmc.nts [4].
‘JJIC tlll]]lcl  il)j~, )l-l]]i}gt~cto]  ~~~(c], [icscribc(i in

lhis v~(ll  k, ol’fcts  a ~llliquc  combination of dvantagcs
illcllldiflg  Ili{:lt r(sol~ttion”  (--l o-9’ J’csla),  vcctorscnsi-
ti\~ity,  \\i(i(’l  ~;~l~(i\\i(i(ll(> lokllz),l( ~w]>o\vcr(<lo O”
In\V), imaii si~c (1 CIIJ  X 1 cm X 0.6mm),  mbust-

ncss,  }4i(ic (iyllallli~  mli~c (>100 (ill), and small tcm-
pcrat UI L cocfficic]lt.  111  this paper, tile dcvclopmcllt  of

tllc /l-lll:l~,IIcloll ]l’1(’l bilsc(i 011 all Clc.ctroll  tlllmclillg

(IaIIs[iII(w  [5-7 I is dcscribc(i.  ‘1’hc c]cctmn tunneling
lIaIIs(iIIccI, [1 - II I; If, Ilclc)IIIc[cI”  prototype design ami
Cilill aclcrizatiol),  iill(l  loii OW-011  I’CSC211’CI1  g02il  S al”C (iis-

CLl$SC(i  11)  (](’tiijl.



‘]’hc clcctmn  t u n n e l i n g  traI)sduc(I  I S ‘/I ~ \
bascx]  m s c a n n i n g  lunncling  microsco]))  {Srlhl)
WhiCh iS USC(I ~0 S(lldy  :ltOllliC SU1’f:lCC  Stl(lL’ILll  L’\ 181

llltl]is  tc.cllllic]Llc:ill:ltolllictillysllar]>,cf~]l(iLlcti\('  [III ii

bifiscd  at a  s m a l l  p o t e n t i a l  md bmuj!,hl  iil[(}  i[)c

p r o x i m i t y  ( - 1 0  A) of a c o n d u c t i v e ,  [yjJIrItlj

grounclc(i, surface. At this small gap s]):ttill:!, cit.,

(rolls  are  a l l o w e d  to q u a n t u m  mcchani(;~l]y  (LIIIII{.I

aCIOSS  thC V: ICLIU]N bal”l  i c r  scpamting  tllr lil~  illl{~ {11~’

collclllctivc sllif:icc.  ‘I’tlis  clccllollt  llllllcliltj’,~ llt]~’11 1~
exponentially dcpcndcnt  on the gap spa(ill~’,. Y. 1).’
twccn  the tip ad the surface,

o
where (x =: 1.025 cV-l’~A-l, and d) is tl]c ~N}I1’tI!:Jl
barrier  bctwccn the til~ and the conducii\’~  SIII ( I((.

‘1’ypical  tunnelinp,  currcIIts  arc. in the  IIA r:\IIjI( t\ 11[1  I

gap sensitivity it) lhc sul>-ln~ ral]ge.
Scallllinf,  tunneling micmscopy Il:ls l).,]  cl,

tcmlcd  [0 (Iisplacc.mcnt  transducm  in the (k:\c  lojlI I IL I II

of the silicoa llliclc~lll:{cllillc(l  tannc]inf,  tl .IIISLILII.C  I 5
7]. A cross-section of the tunneling traIIsdLI( (’i w ILII

c o n t r o l  clec(rmics  is shown  schcma[ica]l)  iii  1 IfLI!(> I,

15V r 1’

,.,, I.,, ,,,

“1 lie [lcvi[c  is l~~]lk-  l]]i(’]~)]]];l(  l]i]]c(l entirely from sili-
c[}I1, and collsisls (J1’ it sili(on subslrate  which sup-
l)orts :1 l]xcd clc(’t]t)li  tl]tlnc.ling  tij) and  a  cieflcclion
tlecliLdL,  aIlci  a f’lrkiblr,  low-stress si l icon nitr ide
]licml)]  aIIc. (2.5 X 2.5 llJtD2) which suppmls  a counter
(ic.fl~cliol]  clcctl(dc. All mntac(s arc gold and the
(Ic.vice C)I)CMCS  ill allll)icnt (air) conditions. A voltage
1< aj)plicd to the clcctrc)static  acluator  clcctmdc  which
lJLIIIs  111( flexil)l(  lIksInlJ121t]c  10 wilhin - JOA of the
t unacl IIIy tip al)(! allo\4s  electrons to quantum mcchan-

i~ally  ILIIII~Cl a(I(M IIN air :,ap barrier. A preamplifier
,slagl  (OIIVCJ-IS  lIJU LlcutJo D tunneling current  to a lun-
llclill~,  \oltaf,c. ‘J’IIc tul)ncling  voltage is then com-
11~~1’c(l [() ~1 ])11.’SI.’I  \rillLl(’. ‘Ilc. output of the comparator
istllcll  Icd back ol~to” the clcxlmstatic  actuator to pro-
LIucc’  ;I \\ri(lct~:l]I(l\!’i(llll  l’olcc-rct~al:il~  ccj~c(wc)rk.  ‘J’hc
olltJ)lli  (} f”th(’  (’OIIl[Mld (H’, V(, is linearly proporliona]
I() I_ot(cs$  I;z, ])clj]ct~(licular  to the membrane, W i d e

I)andwidth  opc];ltioll”  (>10  kl17,)  and  w i d e  d y n a m i c

;;III{I,C (:,100 d1J)a]Ls  tyj)ica] in tlliscol}figlltatiol)  15].
‘1’hc doll]ill;tlll  noise in the tunneling transducer

ii a I fi lmwcr  slwc~l utn (- i/df in the voltage. noise
spcctILII  II). A ly])ical  Hoist spcctnlm  is shown ill
} iiglll’c ? . ‘1’llc  I)IL’SCI-ICe of I / f  n o i s e  }lorm(llly
]) ICC III(ICS 1)(’ ojI(I :i[iO1~  of tunnel ing sensors. A
ml~lfioll  to this lJN)l~IcIIJ  is addressed in a later scclion.
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l;igarc  1, Scljclll;ilic  ofclcctlc~lltl  ltll)clill:  // Ill;’ I(’

tomctcr.  A  ma:,netic field,  11, ]>crl~cll(li~lll;~t  () Il)t }/i{ TL1}c :~, ‘J’yl)ical l~oiscs l~cctrllll~o f:isilicolll  lliclo-
current, ]ac, produces  a IJorcntz  form, l’, \vl II I.11 is Ilwllitlcd Iani)clijl}’,  transducer, showing the operating
monitored by tl~cclccttm  tllllllclillg  tl:iil~tll}~(~. poil)l f{)r a ]nc:l~alclllcllt clloppcd ;it 200117,.
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‘1’bc tunneling transduccl’  is co] Iv L’1[((1  l,) ;I

maglmlomctcr  by fabricating a wire coil 011 lc)j I (J I IIlt.
Ilcxiblc  mcmbraI)c as shown sclmmticallj’  III 1 11’III\:
1. ‘1’hc wire coil is pmitionc(i  such [ba[ tlIC v$il{  5(’:1
mcllts  SLl]3]X)l”kd  by tllc mc.lnbl’al)c  al’c Sil ai{l,l 11 I I 1 1(.’

segments as dcmonstratd  in IJigurc  3 of lhc 101) \ IL.\Il

scbcmatic  of [be tllllllcli  Ilg/l-lll:igllctoltlcl( .’l. \\7tlll it
current passcsttlmugh  the wire.coil, alo]c]llz  i’~lff
is prducc.(i,

l;= nl<113sin0, (,.))

wbcrc n is tbc number of loops in tbc (tlil. 1 ii [II{’
lcngtb of the wim segment supported t)y tl]t  II I* III

branc,  1  i s  tllccurrcnt  tbrougb  tbc wire  (oili  I; i> tlII.

magnclic  I’icld,  an(l  O i s  (be ang]c bctwcv]l (IIL III;III
netic  fic.ld vc.dor  aIld tbc wire. sc.gmcmts s~lpl)(~llc~i  IIY

ttlclllclllt)t;it]c.  llltllis  (lcvicc,  :l]]oscill:i(il  ]j’, (Llll~rll  i \

applied to tbc wim coil. ‘I’tlclcfol’c,t  llcl/ol’(  ’11(/.” l’1ll”(  ’(’
gcllclatc(ll  3J`illt(`llic(ic)  ll\vitlltl lclll;igllcti(  flcl(l(Jlcil-

latcs  al Ibc bias frcx]LlcIlcy. ‘J’his  is vc.ry illlp(~tlalll  1~.

cause it allows tbc tLlnncli  Ilg transducer to  IHIL’<I\Ll IL :1

static quantity (11 field), by detecting IIIC  (J///////li{{~(  I )1
a force oscillation. l.ow-frequency noise ill [IIL II ,Iti\
(ltlccristllc.lcfol~’  illcollsccj~lclllial  t(Jttlcl]lcil\lilclllLlll~
o n l y  [k llOi  SC :i[ tbC bi:lS fl’C(]LICllCy  iS l’L’]l’.\’;ll  Ii I {,)1

e x a m p l e ,  an accurrcnt  ]msingtbrougb  tll( wit(  {(ii] {II

21 f~CC]LICllCy  Of 200 117, will cflc.c(ivcly  shiit (Ilc  ()]l’lill  -

ing point of Ibc tunnc. ti[lg 11-lll:lgllctolllcltl  lo ;I ltl\Il

noise portiot~ o f  tbc noise spcctran]
l~ixurc 2.

‘L--L
I.___.Jl

1 [~r the d(sip,tl  oi”tllc  first  prototype, we sc-
ltxltd  :Isil))])l((lcsi:’,1)  i}lcolj)olatillgas  illglcc~lrlcllt

l~mp,;i  2.5111111X :),511  ~ll-ll~~clllt>riillc,  all(130~lllltij].
‘1’hc.  ]l~il]ilnul]l  (l~~~~[iil)l~  magnetic field, Nl;l;, for  IIIC
])lotol)’]),”  (Icsi:,ll, C:lll I)u C:l]Clll:itC(l,

Nt;ll  ~
)’olta~c  noise

(transdu(cl  ]csj)o]lsivity)  (l. orcllt7]cs]3011sc)

3s pv/\/117,

“  ( 5 X  10-5} 7/N)(2.5X  1 0-5  N/rl’)

?.8 p’1’/w. (3)

tt’llcic  ~oltap,c Iloisc ;Il)d t]ansducc.r  rcspmsivity  am
ll~casu]ld l)aIalIIctcIs  for the pmtotypc,  and  tbc

l.or~’nt~  rcsjmnsc  10 ]na:,netic f ie ld  is 1111. ( S e e
I:qa;l(io]) 2).

ItltSt  Jl,’I’S/l)l SCIJSSloN

‘I’1l(’  ])rototy])c)l  -lll:l~,llctolllctcr”  was mounted
ill  a ]1()]1-map,nrtic  jxickag  con a l’{: board containing

LI]c f{~lc~-lct)iil:ll~cc  nttt~ork  show]) in ];igurc  1. ‘1’hc
1’(:  boal 11 was (Ilu]l l)lac.cd  in a IIclmboltz, coil ad ori-
ented such Illa[ Itlc llla~,nctic  field vector  was perpen-
dicular to lbc wile  coil ]inc. segments and in tbc plane
of the ]~lc])]l~ranc. ‘1’tlc IIclmbolty,  coil was shielded
110111  tlIc c]lvilol]l]lc]lt  wi(ll  t w o  ICVCIS  of p-mclal
sl~icldit]~’. (’alibi a(cd CLINC])[  source.s were used botb
I or 11]( l~ia\  CLII  ICI]( 011 the tunneling /1-ll121gllcto]lletcr

;In(l IIIC I 1c11111101(7  {oil. ‘1’hc  output  of tbc /i-ma gnc -

I 3 loop Wire coil

lomclcl.  V(, was ]]l(~]li(orc(l  usins,  a dynamic signal
:inalymt wllicb  l~as tt i~,p,clc(i  off tbc bias cumnt for

~
lIIC /1 lll:lgllcloll )L’tcl’. A Ciiliblatcd flux gate magnc-
(OI)”IC(I.’.I  \v;ls Used :1s ;I I’cfc.l’cllce  SLXISO1’.

l?ig,urc 3. ‘1’op view sclmmatic  of (unnclillf’,  /1 111:1  .’II(

10lllCtCl  sllowin~  3 l(JOp  wire coil f:lbl’iCillc’(i :1(1~ IS. :1

low-stress silico]]  ni[ri(lc  thin film.

,4 Iypical outtmt mlmnsc.  of tbc Iunncling  /l-
lll:lj’,tlcl~)])lctc]  is sIIOWI)  in l~igurc 3 for a small IX
Illa{?,llcli(’  field, 111 )(:. and an ac magnetic field  at 10
1 Iz, II:ic. 13cc;iNw IIIC  I)ias current in tbc wire coil is
I)iascci  at 196117, Ilic rcsj  I(MIsc  to l~llc is a peak ill ttlc

I ‘0111 iL:l  S]3CCtl’Lllll  {It 19(I } ]7, :Illd tl)C. 1’CS]XHISC  tO ~~aC

IS two ]KAs al l(X) :{ 10117. “1’bc Nlil; for the pmto-
typ~’ W:IS  II ICa SIIIC(l al ().6 ~1’1’/dll7.  ‘1’his  i s  in good

~l;l’/\ll  17, wbicll  is Iilnitcd by an estimated value of tbc
Inass oi (bc nlcltlt)l  aIIC USC(I  in tbc calculat ion of tbc
~wltwimcl l’or(c  S(I I\ili\’ity.



‘1’IIC  pl”ototypc  ~1-lllagllctolllctcl”  rc\])oll\(”  i ~ ) I

13]>~;,  anti  ]Iac arc. shown  in liigurcs  4, 5 .  ;Il)(i  f II.

spcctivc]y.  As prcxiic[cti  by tiIcl.OI’cIIt YfIIIc  L LJt]II(’~
sicm, llquation  2, c.xccllcnl  lillcal”rc.sj>otls(  tt~ II)( l)i;l~
cuucnt ami tile magactic  ficl(i  fire.(iclllolls(t;it~’(i cxl Kl-

illlClltdly.  ]lltllCC  21SC()ft  llCl"CS]}OllSCtO  ].lil('{ll  1111  L'l-

ing j[-lll:igllc.toIIIc(cr  w a s  b i a s e d  a t  4(10 11/ ill ;III  ;4(.

magnet ic  ficl(i  (9(K) p’]’, 10 }Iz,).  A llol~-iilt(’;l~i(~  ~11’
<l,3Y0fL111-scillc o~l(l>Llt  (l;SO)islllc.zts~llc(l.  ‘I’ll{  t)ill~
CLllTCllt  USC(I in m e a s u r i n g ,  tllC l’CSpOll  Sc to 1’)(’  tllil:’  -

nctic  ficlci is 10 InA, 400 }Iy,.  Non-lillc;ilily  III 1111>

cascist>ct(c.ltiliil~ 2% l;SO. l;inal]y,  ill 111(.a~lllill] 1(-
sponsc (0 Iim ac lllagnctie  ficl(i,  a b i a s  CIIIICl Il {)’ 10

mA, 1000 IIY,  is usc(i aIICi anm-linearity {)1 <:(),;/  ‘(I IS
dclllcmstl’alcd.

3.() -– —.—. . . . . .

LdLd@-J0.0 -J - ‘
1 N) 1 go 200 ?10 ?:’()

l’kx]ucncy  (1 17)

111  a(i(ii[ion  [0 Iimwrity  mcasLlrcIIIc  IIt\. I(s]  IK)  I

sivity  mcasllrcmcnls  wcrctakcn  an(iconllmlc(l  lo 111  L-
orctical valum.  Since tllc tunneling /l- III; IjI, II Cl(JIIII.l{l

is controllc(i  by a folcc-)cb:ilallcc  fcc(ilxl(ii  1(~[~]1  111{

rcsponsivity  call bc caicu]atcci  b y  C(]lliltil){’ 111( It

Spollscs of the l,ol”cntz fol’cc all(i tim (“icL’ll  L)\: lll(’

forccstot llclll:lg,tlcticf icl(l. ‘1’ilcrcs]loll~i\i[\  () IIIC

tllllnciing  //- Il):ip,llctoll)  ctcl call tile]]  be Cx] )1 cs\L’lLl i’ .

i)v[ 1111.(iz- .

isthc  StiltiC l’oit:lp,c al)plic.(i  at tllconsct  oftunncling.
A thcorltical  r~.slmtlsivily  valucof 3.44 V~l’ is in ex-
(cllcllt  ap,rcclncnl tji(iltl]ccxj3crilllc11tal  value.of3.15
\~/’l’. Notctlutt  lllcll’sl)ollsivi(  yiscfllc~llatc(  icxcl~l-
sivc. iy fl{)m lilt (iL’vice slructLlrc  aII(i not from any fit-
I(ICi]J:II:II  IIC(CIS.  Als(~]]otct  l~;ittllc]c sl~o]]sivi[ycaTlbc
illcrc:lw{i  (il’iilll:.ll icdliy by a(i,j  Llstin:, lllc{icvicc {icsign.
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‘igutc 1. OL1ll)lII  Icspf)nsc  of tunneling /[-ma gnc-
()]nctt’]  toincl~a~il]~’, l)ias current. lncidcnt  magnetic
icl(l, 11 == 90(1 j~’1’, 10 IIY. Non-l  inc~rity  <  1.3  YO

i’so.
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i;iguri.  5. OL1lI)UI l(spotlsc  of tunneling /l-magne-
lom(ltt  tc)ill(’1~.;lsi  ~l;’,l)( ’lll[tgtlctic  ficl(l, }3iascurrcnt,
i= 10111 A,40011 Y.” Nol~-litlc.flrity<2ckI;S0.
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}ii,gL1l’C  6. 0111]) 11( I“CS])OIISC  Of (unnclillj  ~{ IIlil{  1)’

tomctcr  to immasing  ac magnetic field. IIia’,  (III 1~111,

1 = 10 nlA,  10001 IY. Nol~-lincari[y  < (),”/ ‘1 1 S(:+

()] ’’1’] NJ ] 2,111) l)ICSIGN

Givcl~  the cxccllcnl  agrccmc]]l lN[u~~I  Ilc
(lcvicc  ]lclfc~llll;il~  cclll(J(lcl  illl(llllclllct~s(ll(’(1 (J])(hli)ll

oftllcjlr(~loty  j)c,]~t.ocillcillg  an op(imimd  1111111(’1111:1  ~1-
Ill:lgllctolllctclis  call bc easily accompli  slit’(! 1 1(,111
liquation 3, Nlill can be  improved  (1> ‘/(loX !~)
a(ljusting the. dcvicc  structure an(i opcl;tlillj’  p~iill.
}/01 e x a m p l e ,  t h e  l.ol’clltz  force  cal l  1)(’  :1”(  ;([  l)’

increased for a g,ivcm n~agnctic I“iclCi  by ili~l~d~)lli’  llIL’

number  of 100]>s  in tile wire coii (n) floni 1 (() 10 iIII(i

increasing, the dilncnsion of the flexible stli(~,)ll  1111 I I(I(

lllClllbl”2111C  (1 .) from 2.5 X 2.5 mm~ to 5 X 5 I I I 1)1 ~):
60 X overall improvc]ncnt  il] NI113. lly ])usllill,.  III(

operating point out  from 200117 to 10001 [/. 11~( \(Ill-
agc noise. is rc(iucc(i  nom 35 pV/dl17, It) I () II \!/ J I 11
3.S X impmvclllcnl  ill Nlill. l;inally, l)> II I(ICV\IIIj’

t h e  current in (l~c wil-c  c o i l  f r o m  1 0  I]~A to {~ 111/\
another 3.3 X ilnpmvemc~lt  in N1H3 is ]JItduL(xl  ‘1 tt~
cumu]ativc  effect is 10 reduce the. NI .11 i I t)l~ ~ .), $
pV/dllz  104 n’J’/dll7 by systematically a~ilui(ill;  I!IL
design and operating point of tile tunll(’lill~  III ,y[Ic’

tomctcr  whiic  maintailli!lg  smail  si7jc ( I (lIl?’ ) ,,11 i lo\!
power  (<1 ()() row). ‘1’his (iesign is CUIICIIIIJ  IILIIIII
fabricatd.

A  ])lototJ’})C /1-l[l;l~,llCtOlllCtCl  h:iS bCCll (iC-
sigll~~i, j:l~~l’ica{c({  ;Ill(l C]l:lractcljy,c{i  fOl”  USC in Slllall  -

\i)~l(CCtilit  aII(i conll[lcl-cia]  appl icat ions .  The tl~]~l~cl-

111#,  /1- m:\glIcto  Inclcl is fabt icate(i  cxciusivcly  f r om
siiicol~ llsin~; tmllli lllicl(~lll:~cllitlillg  techniques to pm-
LIuc{’ a lt]iclocl~cllc)  ]ll{’cltiitiical  sensor which monitors
Il]inulc (imnf,cs  ill d I ,ol~’ntz force. “1’hc  1 .orcllt?j fOICC

i~ indllc{d  I)y ti~c itltcl ac(io]l  between a magnetic ficl(i
;III(]  ;I C(II l’CJI~  ](.)[)1)  su]]i’)o]lcd  on a fleXib]C.  Jnclnbranc

(m tlw dt.vice. AI) clNIIoI~  tullncli  Jlg transciuccr  is uti-

1 iy,cd  10  I nollitor  t h,’ ([is] )iacc’mcllt  of the. JllCJllbl’WIC  ill

I rspoIIst  to the 101 (III Y fom using a force rcbalancc

IIct I\ork,  1 ,itlc2Jil~’,  J1’slmmsivity  anti noise  cqLlivalcnt
lnaj’,ll(tic  flCld  (N!I 11) lllC.iiSlll’ClllC1  ltS ;il”C in CXCCIICIII
.lgr~,ltn~.nt  \lit]l ;I {]u\icr pcrfomance  m o d e l .  Ilsing

Il]c (lr\’ilc  lIlodcl,  illl  optilni7,cd  device (iesign is in
imp r(s~ [o itn])l  ~)vc IIIC NI il~ of the. ~~-magnetometer
I)y a(i,iu ~lin[:  siln])ic  (icvicc l)ammc.tcrs.  I@r e x a m p l e ,
I)y :I(l,luitinf  the dr\Jicc dc.sign parameters to n = 30
kmps. ] (] k}]z)  = :~~ JI)A, an{i  1< = 5111111 X 5 IIIJ1l,

:111  IX] :11 of  4 JI’1’/\’l  IY is acl)ic.vablc.  ‘1’his (icsigJl  also
Ii]ail}l:iills  lI)c lo\v ])()\vc I, an(i smal l  size rcc]uircments

IIcccss:Iry  for /1-spa(ccI  a f t  aII(i comJ~lcrcial  applica-
Iiolls.

A(:KN()\$’J /JCJ)(; MJ;N’J’S
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